Introduction
Mushrooms are well known functional foods which are continuously exploited for the formulations of therapeutic agents (Wasser et al., 2000; Rai et al., 2005; . These properties have drawn upon the interest of many researchers to formulate the possible conditions for the enhanced production of mushrooms/mycelia. For the bioactive preparations in addition to mushrooms, their mycelia are considered as an alternative or substitute source which could also be used as food-flavouring agent as well as for the preparation of Pharmaceutical products . The commercial value generated from mushrooms/mycelia can lead to an increase in its consumption and therefore stimulate the commercialization of local palatable species which in turn may lead to the in-vitro production of mushroom mycelia.
Cultivated mushroom mycelia under submerged culture conditions have potential to be used in the human diet (Yitzhak and Ephraim, 1986) . Many workers used various basal liquid media to grow and characterize some mushrooms (Johnsy and Kaviyarasan, 2013) . Submerged culture, in contrast to cultivation on solid media, gives rise to potential advantages of higher mycelial production in a compact space and shorter time with lesser chances of contamination (Yang and Liau, 1998; Klomklung et al., 2014) . Recently, investigators have found that growing mushroom mycelia by submerged fermentation in a defined medium is a rapid alternative method for obtaining fungal biomass of consistent quality (Yang and Liau, 1998; Kwon et al., 2009) . In order to improve the production of fungal bioactive polysaccharides, investigators have worked to optimize the fermentation conditions and medium composition of solid state and submerged fermentation systems (Hwang and Yun, 2010) .
In Odisha, cultivation of edible mushroom is at the level of commercialization but still many people depend mainly on wild indigenous species for the food and taste. Though the studies on the cultivation strategy of Lentinus tuberregium have been carried out by many scientists still a detailed study on the extensive media for the better proliferation of L. tuberregium and C. indica is scarce among the scientific community. Studies concerning antioxidant capacity of mushroom mycelia using radical scavenging capacity as measurement are rare (Wu and Hansen, 2008) still some reports suggests antioxidant activity in broth media (Rajoriya and Gupta, 2014) .
Materials and methods
Collection and identification of mushrooms: Healthy, fresh and fully succulent Lentinus tuberregium and Calocybe indica were collected from different forest divisions of Odisha and brought for the sake of identification. All morphological, macroscopic and microscopic parameters of various parts of mushrooms such as pileus, stipe, veil, ring, volva, lamellae and gills etc were taken into consideration for identifying species (Largent, 1981) .
Preparation of master plate: Using a flame sterilized dissecting blade/scalpel a wedge shaped segment of mushroom from the edge which was including a substantial amount of hyphae was pierced out and placed in the malt extract agar plates carefully and aseptically. After the inoculation, plates were sealed by means of parafilm and incubated at 28°C for 10-15 days for the development of plate full of culture. After attaining appreciable amount of growth in the plate it was subsequently cultured in the fresh plates to obtain pure culture for further usage. Cultivation and extraction of mycelia of Mushroom:
Potato dextrose broth (PDB), Fungi Kimmig Broth (FKB), Malt extract broth (MEB), Corn meal broth (CMB), Sabouraud dextrose broth (SDB), Czapek dox broth (CZB), Soil extract broth (SEB), Wheat extract broth (WEB), Rye extract broth (REB), Maize extract broth (MaEB), Paddy straw extract broth (PEB), Leaf litter broth (LLB), Yeast extract broth (YEB), Glucose yeast peptone broth (GYP), Peptone Yeast extract broth (PYE) whose stationary liquid culture (30 ml/150 ml conical flask) was established from the solid culture by transferring disc into an Erlenmayer flask by following purely asceptic techniques. Inoculated broth cultures were incubated at 30°C for 10 days. The mycelium thus obtained was removed and the broth was centrifuged and served as a sample for antioxidant analysis.
Mycelial morphological description: The morphological description of mycelial growth in the different nutritive solid media was weekly performed. The parameters recorded were: colony texture, colour, border appearance, reverse colour, medium coloration, aerial growth, exudates and rifts.
Determination of biomass: Mycelial growth was evaluated based on the fresh weight of harvested mycelia. Harvesting was carried out by filtering the growth media with filter paper (Whatman No. 1) followed by subsequent washing by large amount of double distilled water. The mycelia were then kept in the open air for 5 -8 h to a constant weight and weighed in the digital weighing balance (Kern KB 240-3N, Germany).
Proximate and antioxidant analysis
Protein content in the fresh mycelia was estimated by Bradford (1976) . Carbohydrate content was quantified by following phenol sulphuric acid method (Dubois et al. 1956; Hedge and Hofreiter 1962) . Reducing sugar was estimated by DNS method (Miller, 1972) . Non reducing sugar was calculated by subtracting total carbohydrate and reducing sugar content (Nazarudeen, 2010) . DPPH free radical scavenging activity was assayed by following the method given by Chan et al. (2007) . Estimation of total phenol content was carried out by folin phenol method (Singleton and Rossi, 1965) . Ferric Reducing Antioxidant Power (FRAP) assay was done by following the method of Benzie and Strain (1996) and Athavale et al. (2012) . The flavonoid content of sample was estimated by using aluminium chloride colorimetric technique and flavonoid content was expressed in terms of mg quercetin equivalents per gram of extract (Chang et al., 2002) . The concentration of β-carotene and lycopene in mushroom mycelium extracts was estimated spectrophotometrically (Nagata and Yamashita 1992; . Alkaloid content in the mushroom mycelia was quantified spectrophotometrically (Sreevidya and Mehrotra 2003) . Tannin content was estimated in the sample by Folin denis reagent tannic acid was served as standard and expressed in mg/gm (Schanderl 1970) .
Antioxidant activities in submerged culture conditions
Reagent preparation: 6 mg of 2, 2-diphenyl-1-picryl hydrazyl was weighed and transferred to an umber conical flask to avoid the direct contact of light with the reagent. Carefully 100 ml of methanol was added to it and shaken well and allowed to stand for 15 minutes before the use.
Estimation: The scavenging activity was estimated by means of colorimetric method (Chan et al., 2007) . One ml of culture filterate was treated with 2 ml of (DPPH) solution (1:2); mixed well and incubated in dark for 30 minutes. The optical density was measured at 517 nm and scavenging activity of each extract on DPPH radical was calculated using following equation. Scavenging activity (%) = (1 -Absorbance of sample/Absorbance of Control) × 100.
Results and discussions Submerged culture characterstics
regarding fungal metabolic characters and the nutritional requirements by the fungal mycelium can be useful for growing mushrooms in solid substrates (Manjunathan and Kaviyarasan, 2011) . Several kinds of mushrooms are well known for their nutritional requirements of starch, maltose, sucrose, and glucose as carbon sources in their submerged cultures (Kadiri and Fasidi, 1994) . Substrates like wheat is reported to support the proliferation of mushrooms such as Pleurotus ostreatus, Calocybe indica and Agaricus bisporus (Munsur et al., 2012) which matches with the present findings where wheat extract medium induced thick and profuse mat of both the mushroom mycelia selected.
Lentinus tuberregium showed best radial extension in Malt extract and Glucose yeast peptone media but Sabouraud dextrose, Wheat extract and Potato dextrose broth were also proved to be a supportive media with comparatively less mycelial extension ( Table-1 ). The tuftness or performance of this organism was best in basal as well as native substrates, the reason may be due to the wide range of combination of different carbon and nitrogen sources. All the above results corroborated with the studies of Singh et al. (1990) who found Malt extract and Sabouraud dextrose as the best media for vegetative growth of Lentinus connatus. Cultural characteristic varied from media to media, a tuft mass of rhizoidous hyphae were seen in Potato dextrose, Malt extract and Glucose yeast peptone broth, on the other hand Yeast extract, Fungi kimmig and Corn meal broth were poor supportive media which showed thin undulating growth of mycelia. Calocybe indica which is commonly known as milky mushrooms proliferated well in Wheat extract medium however other media like Malt extract, Potato dextrose and Yeast extract medium also supported its growth (Table-2). Colonization of this mushroom mycelia was convex cottony/fuzzy being maximum growth at the centre which gradually decreased with the advancement of hyphal colonization. Very poor growth was observed Leaf litter broth, Paddy straw broth, Czapek dox broth and Peptone yeast extract broth where as complete absence of growth was recorded in Soil extract and Glucose yeast peptone broth. Kadiri and Fasidi (1994) reported that the best utilizable carbon sources for Lentinus subnudus were fructose, maltose, dextrin and glucose. In this study a similar kind of observation was made where Malt extract broth was best suited media for L. tuberregium cultivation in liquid culture condition in which it showed maximum biomass production i.e 1.17 gm in fresh weight basis followed by Glucose yeast peptone, Sabouraud dextrose and Potato dextrose broth in which mycelia weighed out was 1.07, 0.96 and 0.65 gm, respectively (Table-3) .
Change in biomass
It has been reported that maltose is a good carbon source for mycelium of some mushrooms (Amir, 1993; Amir et al., 1994) in case of C. indica this statement agrees where maximum biomass was recorded in Malt extract broth. Fasidi and Olorunmaiye (1994) reported that yeast extract which is a complex nitrogen source sustained the greatest growth of P. tuberregium, this observation well supported the present studies where Yeast extract broth served as a good culture medium, followed by Wheat extract broth medium. Minimum amount of the growth was recorded in Capek dox and Potato dextrose broth, complete absence of growth was observed in Glucose yeast extract and Soil extract medium. Among chemosynthetic media Peptone yeast extract broth proved to be a better medium for the cultivation of this organism (Table-3 ).
Change in pH
In this experiment change in pH after incubation of 10 days was also recorded, almost all the media showed acidic pH for the broth culture of Lentinus tuberregium except Fungi kimmig broth and Malt extract broth where neutral pH was recorded. Maximum acidity was observed in the culture of Potato dextrose broth, Paddy straw broth and Leaf litter broth medium while comparatively high pH was recorded in other media ranging from 5.00-7.04. Mycelial culture of Calocybe indica showed acidic pH in maximum media selected for the studies. Mainly pH ranged between 4.53-6.75, except Potato dextrose broth (2.85) and Rye extract broth (7.26) which showed very high acidity and neutral pH respectively. Biomass obtained from moderate pH was better than the extreme pH conditions.
Proximate and Antioxidant analysis of mycelia
Protein content was slightly highest in L. tuberregium (8.95 mg/gm) than C. indica (6.54 mg/gm). Carbohydrate content was higher in C. indica than one which was obtained from the mycelia of L. tuberregium (Table-5 ). Reducing sugars are found to be very less in the mushrooms as mainly the carbohydrates are utilized in other forms like chitin and polysaccharides, in the present study C. indica showed 10 mg/gm of reducing sugar content where as L. tuberregium showed 3.58 mg/gm. Similarly non reducing sugar was higher in the C. indica when compared to the mycelia obtained by L. tuberregium. FRAP assay showed highest value in the methanolic extract of L. tuberregium (0.58 mg AEAC/gm) where as relatively less activity was observed in case of C. indica (0.16 mg AEAC/gm). In general it is considered that fungi don't concentrate flavonoids (Iwashina, 2000) . Flavonoids are responsible for strong antioxidant behaviour in the organisms, in the present study methanolic extracts of L. tuberregium and C. indica showed 2.03 mg/gm and 1.91 mg/gm of flavonoids respectively which was in good amount, though Barros et al. (2008) suggests that 16 species of mushrooms showed absence of flavonoid content. Antioxidant properties of phenolic compounds also play a vital role in the stability of food products, as well as in the antioxidative defence mechanisms of biological systems (Macheix and Fleuriet, 1998) . Methanolic extracts of mycelia of both the mushrooms showed low amount of phenols than those which are reported by Wu and Hansen (2008) but when compared to the findings of almost similar quantity was observed in regard of C. indica, while L. tuberregium showed much higher value in their methanolic extracts (Table-5 ). Carotenoids are known for its beneficial effects in preventing human diseases such as cardiovascular aliments including other chronic disorders (Paiva and Russell, 1999) . They are very useful dietary sources of retinol, being β-Carotene, α-carotene and β-cryptoxanthin which could function as provitamin A (Liu, 2004) . The results obtained herein regard of the level of β-carotene and lycopene was higher than the values one which was obtained by Robaszkiewicz et al. (2010) where 0.085 mg/gm and 0.036 mg/gm of β-carotene was recorded in the mycelia of L. tuberregium and C. indica while lycopene was in relatively less quantity i.e. 0.040 mg/gm and 0.006 mg/gm respectivel. Alkaloids and Tannins are well known for their various biological activities (Özçelik et al., 2011; Kumari and Jain, 2012) in the present case studies they were also found in the lining of the results obtained by Edeoga et al. (2005) and Puttaraju et al. (2006) . Antioxidant activity in submerged culture condition Broth culture of Lentinus tuberregium in malt extract medium showed maximum scavenging of free radicals generated by DPPH i.e 55.74 % followed by Corn meal broth (54.76 %). However, Wheat extract (52.08 %), Maize extract (47.06 %) and Leaf litter extract medium (47.33 %) also showed an appreciable amount of scavenging activity. Complete absence of free radical scavenging activity was observed in Yeast extract and Soil extract broth. Calocybe indica cultured on Malt extract as well Sabouraud dextrose medium showed good scavenging activity i.e. 61.22 % and 58.98 % respectively on the other hand complete absence of scavenging effect was recorded in Soil extract, Wheat extract and Leaf litter extract medium.
Conclusion
On the basis of obtained results, it is suggested that both basal and natural/native substrates like extracts from grains can be used for the mass cultivation of edible mushrooms and their culture broth evaluated here could be useful as an easily accessible source of natural antioxidants/secondary metabolites. However, in present studies the active components in the culture medium, responsible for the observed antioxidant activity, are unknown. Further work is needed on the isolation purification and characterization of the active components from crude extracts of mushroom, mushroom mycelia and their culture broth to ascertain their biological activities.
